Abstract. Modification of the Lagrange interpolating polynomial (LIP) scheme for using with the finite difference method is proposed. Merits of the modified LIP scheme used with the finite difference method for problem solving are facile to discretize equations, and fast to obtain solutions. Verification of the modified LIP scheme was performed by comparison of the solutions computed from the modified LIP scheme with the analytical solutions of a heat conduction problem. The verification gives credence to the modified LIP scheme for correctness of the solutions. In addition, the comparison results of solution accuracy and computational time of problem solving between using of the finite difference method with the modified LIP scheme and the finite volume method with the LIP scheme are exhibited.
Modification of the LIP scheme for using with the finite difference method
From Figure 1 ., the first derivative values of variables with respect to time can be approximated by using the modified LIP scheme and can be expressed as TT t t   and 0 TT  The first and second derivative values of variables with respect to space in the horizontal direction can be approximated by using the modified LIP scheme and can be written as 
Verification of the modified LIP scheme for using with the FDM must be performed for confidence that the modified LIP scheme works correctly. Comparison of the solutions computed from the modified LIP scheme with the analytical solutions of a heat conduction in rectangular plates with boundary temperatures specified problem was adopted for the verification. The analytical solutions reported by Beck et al. [8] are the well-known solutions of the problem. An in-house code was developed based on how to solve the problem by using the modified LIP scheme with the FDM. For the problem, interior temperatures in the rectangular plates with the specified boundaries as shown in Figure 2 . can be calculated from 2 2
where  , c , k and T are density, specific heat, thermal conductivity, and temperatures, respectively. Table 2 . shows comparison of the solutions computed from the modified LIP scheme with the analytical solutions of the heat conduction in rectangular plates with boundary temperatures specified problem. There are 5 cases of the difference of the dimensionless parameters for the comparison. For the present work, the modified LIP scheme which is the spatial 4 th order (a 9 nodes, 2D stencil) and the 4 time steps is adopted for discretization. The dimensionless parameters displayed in Table 2 . can be calculated from
. The accuracies of the solutions computed from the modified LIP scheme can add credence to the modified LIP scheme. Figure 3 . illustrates dimensionless temperature contours of the solutions of the heat conduction in rectangular plates with boundary temperatures specified problem which are computed from the modified LIP scheme for 5 cases. The contour values in Figure 3 . are specified according to the contour values shown in [8] , and the contour pattern displayed in Figure 3 . is similar to the contour pattern exhibited in [8] . solving between using the FDM with the modified LIP scheme and using the FVM with the LIP scheme at different grid sizes for 5 cases. CPU time of the computer is adopted to be the computational time of the code. Specification of the computer used for code computation is "Intel ® Core ™ i5-4460 CPU @ 3.20 GHz 3.20 GHz". For the comparison of the solution accuracy, it can not specify which of the FDM or the FVM can give more accurate solutions. But, for the comparison of the computational time, the computational time of the problem solved by using the FDM with the modified LIP scheme is less than the computational time of the problem solved by using the FVM with the LIP scheme in all of the grid sizes and cases.
Conclusion
Modification of the LIP scheme for using with the FDM is presented. And, verification of the modified LIP scheme was performed. Advantages of the modified LIP scheme for using with the FDM are that it is a high-order scheme, easy to understand and develop codes, and spends less computational time for problem solving than by using the FVM with the LIP scheme.
